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First data on the freshwater Tardigrada in India: a find of Pseudobiotus 
kathmanae in a small Himalayan lake 
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Abstract. A brief report on the tardigrade species Pseudobiotus kathmanae discovered in a small lake in 
Indian Himalayas is given, provided with morphometric data and photographs. Current state of knowl- 
edge of Indian fauna of Tardigrada is discussed, together with the discussion of the distribution of the 
freshwater genus Pseudobiotus. 


Pestome. Kparko cooOmaetca 06 o6HApyYKEHMH WpecHoBoszHOU THXOXOAKH Pseudobiotus kathmanae 
B HeOOJbIIOM O3epe B Muanäckax TumManaax, c JOMOMHeEHHeEM MOPMOMeTPNYeECKUMU aHHbIMU M 
dotorpaduamu. OOcyxaeTca TeKylee COCTOAHMe M3yYeHHOCTH (bayHbI THXOXOJOK Mnann u pac- 
IIpocTpaHeHue Bu z0B poza Pseudobiotus. 


Key words: zoogeography, distribution, Indian Hymalayas, freshwater, Tardigrada, Pseudobiotus kath- 
manae, new record 


KmoyesBhe Ci0Ba: 300reorpadua, paciipoctpaHeHue, Unazniickue TumMasiau, ipecHoBogqHas dayHa, 
TuxoxogzKu, Pseudobiotus kathmanae, Hopoe yKa3aHVe 


ZooBank Article LSID: urn:|sid:zoobank.org:pub:03082B4B-0CF5-4A 26-85C3-F DAF89A2B958 


Introduction 


Little is known about the tardigrade fauna of 
India. Until now, only eight published papers are 
present in the literature, containing data on the 
Indian tardigrades. The main ones are the works 
of Murray (1907) and Iharos (1969), based on the 
analysis of the series of moss samples from conti- 
nental India. Both of these papers should be con- 
sidered obsolete compared with the current level of 
morphological data for this taxon. Investigations 
of last decades shows that a concept of cosmopol- 
itan distribution of polymorphous species within 
Tardigrada should be replaced with a concept of 


the presence of similar, but distinct local species 
(Pilato et al., 2000; Tumanov, 2006; Michalczyk et 
al., 2012, Guidetti et al., 2016; Kaczmarek & Mi- 
chalczyk, 2017; Kaczmarek et al., 2017). Within 
this approach, most species records that are tradi- 
tionally considered in the above mentioned papers 
as “widely distributed” or “cosmopolitan” should 
be considered doubtful and need to be checked in 
new investigations. 

Another work based on the analysis of several 
moss samples from the territory of the Republic 
of India is the paper of Maucci & Durante Pasa 
(1980), devoted to the Andaman Islands, the ter- 
ritory situated far from the mainland India. All 
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other works (Maucci, 1979; Kristensen, 1987; Abe 
& Takeda, 2000; Tumanov, 2006; Jorgensen et al., 
2007) contains data on single species, obtained 
mostly from occasionally collected solitary sam- 
ples. All the above mentioned papers are based on 
the investigation of terrestrial moss samples; data 
on the freshwater tardigrade fauna of India are 
completely absent. 


Material and methods 


The author received a small plastic vial con- 
taining formaldehyde-fixed specimens and exuvi- 
ae with eggs of tardigrades in glycerol. Material 
was collected during the Third Western Hima- 
layan Expedition of the St Petersburg Association 
of Scientists and Scholars in 2015 (Borkin & Gan- 
nibal, 2016) by S. Litvinchuk on 8 June 2015 in 
Lake Nako, Himachal Pradesh, Republic of India, 
31.884607N, 78.627782E, 3592 masl, at a depth 
of c. 5 cm near the shore. Additional environmen- 
tal data are as follows: substrate — silted soil, pH — 
9.8, water temperature — 20.8 °C, conductivity — 
0.16. mS, salinity — 0,08 ppt. 

To identify the species, all specimens were 
mounted on microscope slides in Hoyer’s medium 
and examined under a Leica DM 2500 microscope 
using Phase Contrast (PCM) and Differential 
Interference Contrast microscopy (DIC). Photo- 
graphs were taken using a Nikon DS-Fil camera. 
All measurements are given in micrometers (um) 
and were performed under PCM using NIS-EI- 
ements Software (Nikon Corporation, Japan). 
Body length was measured from the anterior to 
the posterior end of the body, excluding the hind 
legs. Elements of the buccal apparatus were mea- 
sured according to Pilato et al. (1982). Claws were 
measured according to Beasley et al. (2008). The 
pt index used is the percentage ratio between the 
length of a structure and the length of the buccal 
tube (Pilato, 1981). 


Results 


Six adult specimens and three exuviae with 
eggs examined were attributed to the species 
Pseudobiotus kathmanae Nelson, Marley et Ber- 
tolani, 1999. The species differs from five other 
real species of the genus [excluding Pseudobiotus 
longiunguis (Iharos, 1968) in accordance with 
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Pilato et al. (2010)] in the smooth cuticle, three 
macroplacoids, papillae on legs I-III, and claws on 
all legs similar in size and form, having widened 
bases of the outer claws. It should be noted, that 
such character as the presence or absence of the 
accessory points, used by Chang et al. (2007) to 
distinguish P. kathmanae trom P. matici (Pilato, 
1971) could not be used here, because the accesso- 
ry points in P. kathmanae are extremely small and 
invisible in light microscopy (but their presence is 
proved by scanning electron microscopy), where- 
as P. matici was investigated by light microsco- 
py only, so the presence of the minute accessory 
spines in this species could not be excluded. 

In the original description of Pseudobio- 
tus kathmanae, only SEM photographs and line 
drawings were given. Here I provide an additional 
set of light microscopy photographs (Fig. 1). The 
morphometry of the material examined (Table 1) 
is fully consistent with the description of P. kath- 
manae (Nelson et al., 1999), with the exception of 
the lengths of the claw bases. This discrepancy is 
most likely the result of different methods of mea- 
suring claws (D. Nelson, pers. comm.). A compari- 
son of the published images of the claws of P. kath- 
manae (Nelson et al., 1999; Schuster et al., 1980) 
with the material examined shows the complete 
identity of the proportions of the claw parts. 


Discussion 


Since the initial descriptions of the genera 
Pseudobiotus Nelson, 1980 (Schuster et al., 1980) 
and Thulinia Bertolani, 1982 [later substituted 
with the name Thulinius (Bertolani, 2003)], the 
taxonomic position of species attributed to these 
genera was unclear. Only after the redescription 
of both genera based on the reinvestigation of the 
type material (Bertolani et al., 1999 and Nelson 
et al., 1999), these taxa became clearly delineated. 

At present, the genus Pseudobiotus includes 
six exclusively freshwater species. One of them, 
P. megalonyx (Thulin, 1928), was often reported 
from various regions (McInnes, 1994) but due to 
previous taxonomic confusion between this spe- 
cies, P. kathmanae and Thulinius augusti (Mur- 
ray, 1907), earlier reports in the literature should 
be considered dubious and need to be checked. 
Other species has restricted distribution: P. hir- 
sutellus Pilato, Lisi et Binda, 2010 is known only 
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Fig. 1. Pseudobiotus kathmanae Nelson, Marley et Bertolani, 1999, details of morphology. A, total view of female 
bearing exuviae with eggs, attached to hind legs; B, structure of cuticle surface; C, buccal tube; D, placoids; E, 
lateral view of buccal armature; F, claws of legs III; G, modificated claws of legs IV of egg-bearing female; a — peri- 
buccal lamellae, b — teeth of buccal armature. (A, D—G — phase contrast, B, C — DIC). 
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Table 1. Summary of morphometric data for six specimens of Pseudobiotus kathmanae. All measurements are given in um, pt 


indices (in %) are given in parentheses. 


Character / Specimen 
Body length 
Buccal tube length 
Stylet support insertion point (Ss) 
Buccal tube external width 
Buccal tube internal width 
{st macroplacoid length 
2nd macroplacoid length 
3rd macroplacoid length 
Macroplacoid row length 
Claw I lengths 
External base 
External primary branch 
External secondary branch 
Claw II lengths 
External base 
External primary branch 
External secondary branch 
Internal base 
Internal primary branch 
Internal secondary branch 
Claw III lengths 
External base 
External primary branch 
External secondary branch 
Internal base 
Internal primary branch 
Internal secondary branch 
Claw IV lengths 
Anterior base 
Anterior primary branch 
Anterior secondary branch 
Posterior base 
Posterior primary branch 


Posterior secondary branch 


1 
454 
50.3 

35.2 (70.0) 

5.5 (11.0) 
3.4 (6.8) 
8.7 (17.3) 
4.6 (9.1) 
9.4 (18.6) 
26.3 (52.3) 


10.6 (21.1) 
29.6 (58.9) 
23.7 (47.1) 


11.0 (22.0) 
29.2 (58.2) 
23.5 (46.7) 
10.1 (20.0) 
23.1 (46.0) 
20.8 (41.4) 


9.6 (19.1) 


21.1 (42.0) 
10.5 (20.8) 


24.1 (47.9) 


2 
491 
57.0 

40.4 (70.8) 

7.5 (13.1) 
5.6 (9.9) 
10.8 (19.0) 
4.9 (8.6) 
10.5 (18.5) 
32.1 (56.3) 


12.4 (21.2) 
34.4 (60.4) 
27.9 (48.8) 
11.9 (20.9) 
30.4 (53.3) 
26.1 (45.8) 
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55.8 
38.5 (69.0) 
7.7 (13.7) 
6.1 (10.9) 
12.2 (21.9) 
6.2 (11.0) 
12.6 (22.6) 
34.5 (61.8) 


14.6 (2) 
34.4 (?) 
26.6 (2) 


12.1 (2) 
31.0 (2) 
26.0 (?) 
11.4 (2) 


22.9 (?) 


5 
59.5 
42.8 (71.8) 
7.5 (12.6) 
6.0 (10.0) 
11.7 (19.7) 
6.1 (10.3) 
11.8 (19.8) 
35.2 (59.2) 


12.4 (20.8) 
33.1 (55.6) 
22.5 (37.8) 


14.2 (23.9) 
31.8 (53.3) 
27.1 (45.6) 


14.6 (24.5) 


27.9 (46.8) 


6 
474 
58.1 

40.5 (69.7) 

6.5 (11.2) 
4.5 (7.8) 
11.1 (19.2) 
5.8 (10.0) 
12.1 (20.8) 
34.0 (58.5) 


11.5 (19.8) 


27.6 (47.5) 


9.9 (16.9) 
16.2 (27.8) 
18 (20.3) 
31.7 (54.5) 
23.8 (41.0) 
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from Israel (Pilato et al., 2010), P. matici (Pilato, 
1971) from Italy, P. spinifer Chang, Kaczmarek, 
Lee et Michalczyk, 2007 from South Korea 
(Chang et al., 2007), and Pseudobiotus vladimi- 
ri Biserov, Dudichev et Biserova, 2001 from Ja- 
pan (Biserov et al., 2001). Being described on the 
base of material from United States and Italy si- 
multaneously, P. kathmanae is the only species of 
the genus with confirmed wide distribution. The 
findings presented here support the presumable 
Holarctic distribution of this species (Nelson et 
al., 1999). The presence of the species with such 
a wide range seems to contradict the modern par- 
adigm of the tardigrade zoogeography, and un- 
doubtedly should be verified in the future using 
genetic analysis. 
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